Several recent studies have identified an association between income inequality and aggregate health outcomes; this has been taken to be evidence that inequality is detrimental to individual health. We use data from the 1995-1997 March Current Population Survey to examine the effect of income inequality on individual health status for both the general population and those individuals in poverty. We find no consistent association between income inequality and individual health status. Our results contradict recent claims that the psychosocial effects of income inequality have dramatic consequences for individual health outcomes.
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Abstract:
Several recent studies have identified an association between income inequality and aggregate health outcomes; this has been taken to be evidence that inequality is detrimental to individual health. We use data from the 1995-1997 March Current Population Survey to examine the effect of income inequality on individual health status for both the general population and those individuals in poverty. We find no consistent association between income inequality and individual health status. Our results contradict recent claims that the psychosocial effects of income inequality have dramatic consequences for individual health outcomes.
empirical evidence of the association between income distribution and health outcomes in an ecological-level analysis of 56 countries. Wilkinson (1992 Wilkinson ( , 1995 Wilkinson ( , 1996 cites Rodgers' findings as support for the IIH, but he does not relate Rodgers' explanation for the observed correlation. 2 journals. The IIH has been credibly referred to by both policy makers and social scientists, and 3 4 it has been the object of major institutional funding.
5
It is therefore surprising that until recently the evidence of a link from income inequality to health has been shown only in aggregate data (and often without controlling for other covariates). It is well-known that correlations among statistical aggregates do not necessarily reflect causal relationships at the individual-level. In fact, both Rodgers (1979) and Gravelle (1998) show that if individual health is a non-linear function of income, then income inequality may be spuriously correlated with aggregate measures of health. If individual health is a concave function of individual income, then aggregate measures of health should depend on not just mean income, but also the distribution of income. This is because information on income inequality serves as a proxy for the number of persons at lower levels of income. Consequently, the great 6 hoopla over the IIH is unfounded; the repeated observation of an ecological association between 3 income inequality and health is consistent with either the presence or the absence of a causal relationship.
In order to ascertain whether the association between income inequality and health is spurious, it is necessary to measure the effect of income inequality on individual health while controlling for the effects of individual income. Some recent studies have taken this approach (Fiscella and Franks 1997; Kennedy et al. 1998; Fiscella and Franks 1999; Soobadeer and LeClere 1999; Deaton 1999; and Deaton and Paxson 1999) . Not only are the results mixed, but we argue (in Section Three) that none of these studies provide a comprehensive test of the claim that there is a robust association between income inequality and individual health. Consequently, existing evidence from individual level analysis does not offer much succor to either the proponents or the detractors of the IIH.
We employ data on self-reported health status for over 180,000 individuals to examine whether the frequently observed correlation between income inequality and aggregate health is the product of an ecological fallacy or omitted variable bias. In general, we find a robust negative association between income inequality and health status -until we control for other factors. The inclusion of household income reduces the size and statistical significance of the effect of income inequality in models of health status. As conjectured by Rodgers (1979) and Gravelle (1998) , the apparent deleterious affect of inequality on health status is mitigated once individual-level income is included as a control variable. In other models, the use of geographic fixed effects, which capture the role of important state or metropolitan area factors omitted from previous analysis, further reduces the role of income inequality. However, a statistically significant association between income inequality and individual health status remains in some It is well-understood that individual health outcomes can be predicted by individual 7 income; although it is not clear to what extent this represents a true causal relationship, or whether socioeconomic status in general proxies for unhealthy behavior (e.g., see Ettner 1996 , Lantz et al. 1998 , and Meara 1998 . Also, van Doorslaer et al. (1997) show that inequality in self-reported health status is related to income inequality in surveys from nine countries.
The distinction is made clear by the following hypothetical examples. Suppose that 8 Diana is rich and Theresa is poor. A redistribution of income from Diana to Theresa may plausibly make Theresa more healthy and Diana less healthy; this is a straightforward implication of the notion that individual income influences health. In contrast, the weak IIH implies that Theresa can be made more healthy by reducing Diana's income, since this reduces income inequality. Further, the strong IIH implies that both Theresa and Diana can be made more healthy by reducing Diana's income (although the net effect on Diana is ambiguous).
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specifications. Nevertheless, we find that the association between income inequality and health is not robust to different measures of inequality, different levels of aggregation, the inclusion of individual-level control variables or the inclusion of geographic fixed effects. Consequently, contrary to the strong assertions made by Wilkinson (1996) , Marmot et al. (1998) and , there is no consistent evidence that income inequality has important psycho-social consequences which influence individual health.
Income Inequality and Health
The income inequality hypothesis is more than a statement that poverty is associated with poor health. The contention is that income inequality -in and of itself -affects the well-being 7 of individuals in a society. However, there are really two distinct versions of the IIH: inequality may be a public bad for all members of society (strong IIH), or it may afflict only the least well off in society (weak IIH). Most of the ecological level studies are silent on this distinction,
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Both Kaplan et al. (1996a) and Smith (1996) correctly point out that the observed 9 correlation between aggregate health outcomes and income distribution is consistent with either version of the IIH.
Although Wilkinson (1996) also suggests that effects of income inequality may 10 "spillover" to the general population through the pathway of violent crime.
Also see Lynch, Kaplan, and Salonen (1997 and Wilkinson (1995 Wilkinson ( , 1997a clearly refer only to the weak IIH. In addition, the potential causal mechanisms discussed in Wilkinson (1996) and elsewhere imply the weak version of the hypothesis.
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Even proponents of the IIH admit that theoretical explanations for how income inequality influences health are lacking, although they posit the existence of many distinct "psychosocial" causal pathways (Wilkinson 1992 (Wilkinson , 1995 (Wilkinson , 1996 Kaplan et al. 1996a; ).
For example, relative deprivation itself may lead to feelings of inadequacy and envy on the part of certain individuals, which may in turn cause them to engage in (self-) destructive behaviors.
Or the existence of income inequality may undermine "social cohesion" and hinder the formation of social capital, which in turn has been posited to influence health through the pathways of crime, public assistance, individual behavioral and socioeconomic risk factors (Kennedy, Kawachi and Prothrow-Stith 1996a; Wilkinson 1996; . For example, recent ecological studies have related income distribution across U.S. states to state-level measures of smoking (Kaplan et al. 1996a) , alcohol use (Marmot 1997) , abdominal weight gain (Kahn et al. 1998 ) and homicide by firearm ).
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However, Regidor et al. (1997) find no evidence for the IIH across regions of Spain.
12
Further, Powers et al. (1997) find no association between long run changes in national income inequality and mortality in Britain Mellor and Milyo (1999) offer some evidence to the contrary. Further, changes in 13 inequality are not consistently associated with changes in health outcomes across states (Kaplan et al. 1996a and Mellor and Milyo 1999 . For the U.S. as a whole, McDonough et al. (1997) show that mortality increases in the U.S. at the same time that there was an increase in income inequality, but (Smith 1999) finds the opposite in a longer time series.
6
Whatever the exact causal mechanism, an association between income inequality and aggregate health measures has been observed repeatedly across countries (Rodgers 1979; Flegg 1982; Le Grand 1987; Waldmann 1992; Wilkinson 1992 Wilkinson ,1996 and Wennemo 1993) , across wards in Britain (Ben-Schlomo, White and Marmot 1996) , and across states and metropolitan areas in the United States (Kaplan et al. 1996a; . Further, at least for the 12 evidence from the United States, it has been asserted that the association is robust to either the particular measure of health or income inequality Kennedy, Kawachi and Prothrow-Stith 1996a,b; ).
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Most of these studies have examined the association between inequality and aggregate health measures at the state level. Without some explicit articulation of the pathways by which inequality is supposed to affect health, it is not clear why state-level inequality is an appropriate independent variable, as opposed to inequality at the national or local level, or inequality within birth cohort (e.g., Deaton 1999), gender, race, or profession. Nevertheless, Wilkinson (1997a) , Kennedy et al. (1998), and Soobadeer and LeClere (1999) all argue that U.S. communities are too homogeneous to observe a significant association between inequality and health below the state level. Consequently, it is state-level inequality which has become the focus of attention in this Also, see the response by Wilkinson (1995) .
14 Also, see the subsequent response (Wilkinson 1998) and reply (Judge, Mulligan and 15 Benezeval 1998b).
Le Grand (1987) also laments the quality of international data on income distributions 16 and cautions against making too much of his observation of a statistically significant relationship between income distribution and age at death. Further, Le Grand finds that income inequality has a positive coefficient in one specification and negative in another. Nevertheless, Wilkinson (1995 Wilkinson ( , 1996 cites Le Grand's finding of an association between income inequality and health as evidence for the IIH; he does not cite either Le Grand's caveat or the contradiction in sign. In contrast to studies using U.S. data, the quality of the empirical evidence from international comparisons has been the object of much criticism. Bidani and Ravallion (1997) argue that the specification estimated by Waldmann (1992) violates an adding up constraint,
while Judge (1995) shows that earlier findings are difficult to replicate with revised data.
14 Further, Judge, Mulligan and Benzeval (1998a) show that among those developed countries for which reliable data on income distribution are available, neither life expectancy nor infant mortality are significantly related to income distribution. However, Deaton (1999) suggests 15 that currently available international data on income inequality is so incomparable that the IIH cannot be tested across countries. 
Evidence from Individual Data
A plethora of studies has related individual socioeconomic status (SES) to individual health (e.g., Meara 1998), but these studies do not test the importance of relative versus absolute
For a recent reviews of this literature, see Evans (1994) , Robert and House (1998) and 17 Smith (1999) .
Anecdotal evidence suggests that relative deprivation can also increase stress among 18 children, dogs, and assistant professors.
However, the estimates effect of inequality in Franks (1997 and Wilkinson (1996 Wilkinson ( , 1997a reports that such studies have found that relative social status has health consequences for lower primates. However, our concern is 18 with the more narrow contention that income inequality is detrimental to human health; on this point, there are only a few recent studies that use individual health outcomes, all of which examine U.S. data.
After controlling for individual income, Franks (1997 and Also, see the exchange between Milyo (1999) and Kennedy et al. (1999) . 21 Nevertheless, in summarizing this work, these results support the economic hypothesis of the link between income inequality and mortality." However, the authors also remain skeptical that there is a causal relationship between inequality and health. 9 hand, Kennedy et al. (1998) , Fiscella and Franks (1999) and Soobadeer and Le Clere (1999) all find a statistically significant association between inequality and self-reported health status (the latter study examines only adult white males). However, of these studies, only Fiscella and 20 Franks employ continuous data on income or inequality and none of these studies test the (more prominent and plausible) weak version of the IIH.
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In contrast, Daly et al. (1997) employ several different measures of state-level income inequality (e.g., the ratio of the 90 income percentile to the 10 income percentile) and they test th th both the weak and strong versions of the IIH. Daly et al examine mortality in the PSID for two distinct 5-year periods (centered on 1980 and 1990); they find no support for the weak IIH in either period, but they find some weak support for the strong version in the latter time period.
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As with all of the studies mentioned above, Daly et al. do not control for any geographic fixed effects. The economic and political environments of states, as well as local population characteristics, regional variation in access to health services, and social norms toward diet and exercise are all likely to contribute to individual health. If these factors are also correlated with income inequality, their omission will result in biased estimates of the effect of income inequality.
Deaton (1999) and Deaton and Paxson (1999) estimate structural models that relate
The March CPS files were accessed using CPS Utilities, produced and distributed by 
Data and Methods
To examine whether the frequently observed correlation between income inequality and health is the product of an ecological fallacy or omitted variable bias, we use data from the Current Population Survey (CPS Tables One and Two .
Measure of Health Status
Individuals in the March CPS are queried about health status as part of a series of questions regarding health insurance. Self-reported health status is a common measure of 27 individual health (e.g., Appels et al. 1996; van Doorslaer et al. 1997; and Vistnes 1997) and several studies have found it to be significantly correlated with mortality, even when controlling for other, more objective indicators of individual health (e.g., Hornbrook and Goodman 1996;  for a recent review of this literature, see Idler and Benyamini 1997) . Nevertheless, self-reported Self-reported health measures seems to be endogenous to (expectations of) individual 28 labor market outcomes (Butler et al. 1987; Bound 1990; and Waldmann, Schoenbaum and Bound 1995) . 12 health status is subjective and likely to be influenced by non-health related factors. To the 28 extent that subjective evaluations of health status are spuriously influenced by income inequality, we expect that relative deprivation will cause people to report lower health status. Consequently, our estimates of the effect of income inequality on the health of individuals in poverty may be exaggerated by our use of reported health status as a measure individual health.
In the CPS, health status is measured on a scale, from one (excellent) to five (poor).
Following van Doorslaer et al. (1997) and Marmot et al. (1998) , we construct a dummy health indicator from the bottom two responses (equal to 1 if fair or poor, and 0 otherwise; the mean value is 0.142). It is well-established that low values (fair\poor) of self-reported health status are strongly and consistently associated with mortality, even when controlling for various medical diagnoses (Idler and Benyamini 1997) .
Measures of Individual-Level Explanatory Variables
In the individual-level analysis, we control for household income and its square; all specifications that include household income also include household size. Income is measured in real terms across the three years of the March CPS using the consumer price index. Other 
Measures of Income Inequality
We employ three measures of income inequality. For each measure, we use one observation per household and weight these by the household weights provided in the CPS. The number of observations per state-year ranges from a low of 252 (Delaware) to a high of 4,467 (California). We calculate mean state income in a similar manner. Our first measure of income inequality is the coefficient of variation (standard deviation/mean, expressed as a percentage) for real household income in each state. The coefficient of variation (CV) averages 93.03 across states over the time period, and ranges from 69.1 to 129.5. We also measure inequality using the ratio of the 90 and 10 percentiles of household income (as in ). This measure th th has a mean of 9.84, and ranges from 5.89 to 17.04. Our third measure is the share of income going to the top 50% of households (as in Kaplan et al. 1996a and Franks, 1997 and  We also measured inequality as the ratio of income at the 50 percentile to the 10 29 th th percentile (following Daly et al. 1997) , and as the variance of the logarithm of income (following Deaton 1999 and Deaton and Paxson 1999) . In general, these measures yield results similar to the 90:10 ratio, although the variance of log income measure is extremely sensitive to the treatment of negative incomes. For example, if negative incomes are treated as missing data, then inequality is often significantly and negatively associated with poor health status. 14 1999). This share has a mean of 0.796, a minimum or 0.759, and a maximum of 0.846.
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In addition to these state-level variables, we construct the mean income and inequality variables for MSAs. However, many observations in the CPS do not have an MSA identifier;
these observations are dropped from the analysis. In addition, because the mean income and inequality measures are calculated from the survey responses, we also drop any MSA with fewer than 50 individual observations. Consequently, when we examine the determinants of individual health status, our MSA sample will have many fewer observations than our state sample.
Descriptive statistics for the mean income and inequality variables for each geographic unit are found in Table Two show that at both the state and MSA-level, mean income is not highly correlated with inequality.
Statistical Method
We first adopt the methods used in previous research to demonstrate that our data produce similar results. We then estimate separate probit models with several different (nested) sets of control variables. We calculate marginal effects and their t-statistics for each of the independent variables. Finally, we examine the effects of income inequality by the poverty status 15 of individuals and across different geographic units.
Results

The Effects of Income and Income Inequality in Aggregate Data
It is necessary to first demonstrate that our data yield results similar to those found in previous ecological-level analyses. We accomplish this by examining the effects of mean income and income inequality on aggregate health status for each geographic unit, and for each of our three measures of inequality. We measure aggregate health status by the proportion of individuals reporting fair or poor health status. The results in Table Three show that both mean income and income inequality (however measured) are associated with aggregate health status; these associations are significant across both the states and MSA levels.
The estimates in Table Three 
Testing the Strong IIH at the State Level
In Next, we add controls for individual attributes. This causes the coefficients on the income inequality variables to be reduced by half, while those on mean income fall to one quarter of their previous level (see columns two, five and eight in Table Four ). Both household income and its square are strongly related to health status, so some part of the ecological-level association between income inequality and health status is attributable to the non-linear association between individual income and health. However, there remains a significant association between individual health status and each of our three inequality measures.
We next include fixed year and fixed state effects to control for unobserved characteristics that may be spuriously correlated with the state level income aggregates. Fixed year effects control for the effect of changing perceptions of good or poor health over time.
Fixed state effects control for the effects of state policy, persistent economic conditions, as well as important regional differences in social norms in diet and exercise that contribute to heath status. The results for these probits are reported in columns three, six and nine of Table Four. Once again the estimated coefficients on the state-level income aggregates fall by half, or more.
However, now we find that the coefficients on mean income and inequality are statistically insignificant, with one exception (the share of income measure of inequality remains marginally significant).
The use of state fixed effects raises the concern that there is insufficient variation in the aggregate income variables for an effect to be identified separately from the state fixed effect.
Throughout this analysis, we have maintained the assumption that observations on 30 individuals within states are independent. However, it is possible that unobserved, time-varying state effects confound our ability to uncover evidence of the IIH. In order to address concern, we have examined the effects of state-level inequality (as measured by the coefficient of variation) when controlling for random group effects at the state level (Borjas and Sueyoshi 1994) . This did not substantially affect the results which we report.
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However, there is variation in income inequality within states; for example, the value of (1-R ) 2 for regressions of year-by-year state-level income inequality on fixed year and state effects ranges from .14 to .18, depending on the particular measure of inequality. In addition, when we repeat our analysis with fixed year and state effects, but without the individual level controls, we once again find a significant association between the aggregate income variables and individual health status. Therefore, the absence of a significant effect of income inequality (or mean income) on individual health can not be attributed solely to the inclusion of fixed state effects. Further, we have also substituted fixed-census-division effects for the state effects. Fixed-census-division effects allow for greater variation in income inequality, yet still control for important regional differences in health behaviors and persistent economic factors (for example, between individuals living in the South Atlantic states relative to persons in the Pacific region). Even when using these division effects, we obtained similar results for models using the coefficient of variation and the ratio of income at the 90 and 10 percentiles. In summary, we find support for th th the strong version of the IIH, until fixed-year and geographic effects are included as controls.
30
Testing the Weak IIH at the State Level
The evidence from existing research on the weak version of the IIH is less favorable and more inconsistent across the different measures of income inequality. To re-examine this issue using several inequality measures and controlling for individual-level income, we repeat the This comparison is arrived at by using the mean probability derivatives for income and 31 its square from the associated probit estimate of individual health status in the poverty sample.
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analysis discussed above (and reported in Table Four) for the subset of those individuals below the Federal poverty line. Descriptive statistics for the "poverty sample" are found in Table One, while the probit results are reported in Table Five. First, absent other controls, all three measures of inequality are significantly associated with health status (columns one, four, and seven). Next, only the coefficient of variation remains significant once we include the individual covariates as controls (columns two, five, and eight).
This pattern remains even after we add year and state fixed effects (this last result alleviates concern that there is insufficient variation in inequality within states).
The point estimates for CV in columns two and three of 
Testing the Strong IIH at the MSA Level
Analyzing the effect of income inequality at the MSA-level is slightly more complicated, since some MSAs contain too few individuals for us to obtain reliable estimates of the coefficient of variation of income. Therefore, we drop all observations from MSAs with fewer than 50 individuals in our sample; we also drop all individual observations that do not include MSA identifiers. Our "MSA sample" thus has 57,541 fewer observations than the full sample. As a check for sample-selection bias, we have also estimated the effects of state-level inequality in the MSA sample, as well as estimating the effects of MSA-level inequality. This exercise yields results which are comparable to those found in the full sample. Consequently, our findings for the MSA level (reported in Tables Six and Seven) do not appear to be artifacts of the smaller MSA sample.
As in the state level analysis, absent other controls, we find a significant association between individual health status and either mean income or income inequality (columns one, four and seven in Table Six) . Likewise, the estimates for mean income and individual income show a similar pattern as they did in the state level analysis. However, there are some differences Another way to compare the magnitude of this estimate is to consider a redistribution of 32 income in a representative state. In 1996, the 90 percentile of income in Pennsylvania was th $83,348 and the 10 percentile was $8,464; the 90/10 ratio for Pennsylvania is therefore quite th close to the state average of 9.84 for 1995-1997. Lowering the incomes of individuals at and above the 90 percentile by $3,700 and raising the incomes of those at or below the 10 th th percentile by the same amount will reduce the 90/10 ratio by one standard deviation.
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between the MSA results and the analagous state level results. First, the coefficient of variation is insignificant once the individual covariates are included as controls (column two), and it remains insignificant with the inclusion of year and state fixed effects (column three). However, the 90/10 ratio remains significant in both of these specifications (columns five and six), while the share measure of inequality is significant at the 0.10 level (columns eight and nine).
Testing the Weak IIH at the MSA Level
The results in the poverty sample offer less support for the IIH at the MSA-level. Here, even absent any individual controls, two measures of income inequality are not significantly associated with health status (see columns one and seven of Table 7 ). Also, mean income remains significant in every specification. The only significant coefficient for our inequality measures in models with individual controls is found for the 90/10 ratio, and that occurs only when controlling for year and state fixed effects (column six). As was the case for the state-level poverty sample, the significant coefficients on 90/10 measure of inequality are relatively large. A one standard deviation reduction in the 90/10 ratio lowers the probability of fair/poor health status by .024, or again about an 8% change in the mean of the dependent variable. For comparison, a one-standard deviation change in this inequality measure is equivalent to changing the income distribution in Mississippi to that in the state of Washington (or the income distribution in Tennessee to that in Minnesota).
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Discussion
The oft repeated finding of an association between income inequality and aggregate health outcomes has generated a great deal of excitement among policy makers and public health researchers. A handful of skeptics have pointed to the absence of a clear and convincing articulation of the causal pathway by which income inequality may affect individual health, as well as the possibility that the empirical evidence is attributable to an ecological fallacy. On this latter point, only a few recent studies have attempted to test the income inequality hypothesis with individual level data. Even ignoring the shortcomings of these studies, results are at best mixed. However, this has not deterred proponents of the IIH from concluding that the health consequences of income inequality are well-established and that they should not be ignored by policy makers (see especially, Wilkinson 1996 ).
Our results stand in clear contrast to recent and numerous claims about the strength and robustness of the association between income inequality and individual health. We demonstrate that previous findings of such an association are partly the product of an ecological fallacy and partly attributable to the failure to control for individual covariates, year effects, and geographic effects. We do find some evidence of an association between state-level and metro-level income inequality and the health status of individuals with household income below the poverty line.
However, this association is not robust to other reasonable measures of inequality or health status. Consequently, even among the poor, income inequality is not "one of the most powerful determinants of health."
Our empirical exercise differs from the previous literature in two important respects: we 22 control for unobserved fixed effects that may be spuriously correlated with income inequality, and we explore whether the relationship between income inequality and health is robust across geographic units. The failure to find a robust association between income inequality and health after controlling for fixed effects is consistent with previous studies which have found no relationship between changes in state-level income inequality and changes in aggregate health outcomes (Kaplan et al. 1996a and Mellor and Milyo 1999 .
Our study is also the first to test rigorously the more common conception of the IIH: that inequality is detrimental to the health of the poor (i.e., the weak IIH). Contrary to this hypothesis, we find the strongest evidence of an association between inequality and individual health in the full sample (Tables 4 and 6 ). When we test the weak IIH at the state and metrolevels, we find significant coefficients in only three of the twelve specifications that include income and other individual attributes as control variables.
The sum total of these inconsistencies serves to counter the primary evidence offered for the IIH. Nevertheless, we can not rule out the possibility that relative deprivation, perhaps measured in a more sophisticated fashion, may have some consequences for individual health.
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